Introduction
Results
Approximately half of the cases (49.4%) attempted suicide by burning charcoal. Most of the patients were middle-aged adults (33±19 years), and were referred to our hospital in a relatively short period of time (6±10 hours). Carbon monoxide produced many serious complications after exposure: fever (26.1%), hypothermia (9.6%), respiratory failure (34.1%), shock (8.4%), myocardial infarction (8.0%), gastrointestinal upset (34.9%), hepatitis (18.4%), renal failure (25.3%), coma (18.0%) and rhabdomyolysis (21.8%). Furthermore, the non-survivors suffered greater incidences of hypothermia (P<0.001), respiratory failure (P<0.001), shock (P<0.001), hepatitis ((P=0.016), renal failure (P=0.003), coma (P<0.001)
Introduction
Carbon monoxide (CO) toxicity is common in Taiwan. CO is an odorless gas formed during an incomplete combustion of organic material. The most common sources of unintentional CO poisoning are faulty or inadequately ventilated gas heating appliances, fires, and automobile exhaust fumes. Indeed, between 1997 and 2003, there was a significant increase in the rate of unintentional deaths from CO poisoning in Taiwan (i.e., from 1.6 to 3.5 per 10 6 personyears) [1] . The CO poisoning can be intentionally utilized as a form of suicide by burning charcoal and exposing themselves to the smoke. First reported in Hong Kong in 1998, suicide by charcoal burning has had an epidemic spread in Asia [2] . For example, the ratio of national suicide rate from 1999 to 2009 in Taiwan had increased from 10.4 to 19.3 for every 100,000 people [3] . During the same period, the incidence of suicide by charcoal burning alone had multiplied by nearly 25-fold, which is from 0.22 to 5.4 for every 100,000 people in Taiwan [3] . Charcoal burning soon became the second most common method of suicide and led to a 20% increase in the overall suicide rate [4] . In a preliminary study at the Chang Gung Memorial Hospital [5] , it was reported that most patients that attempted suicide by charcoal burning had underlying major depressive (49.3%) or adjustment (41.1%) disorders. Breaking-up (17.8%), financial debt (17.8%), and physical/mental illnesses (17.8%) were the top three reasons for committing suicide.
The symptoms of CO poisoning are non-specific [6] . Mild exposure to CO causes headache, myalgia or dizziness whereas severe exposure will result in confusion, loss of consciousness or death [7] . Patients usually do not recognize the fact that they were exposed to CO. Every organ in human body could be damaged due to CO poisoning. However, the brain and heart with high metabolic rate are most susceptible to it. Carbon monoxide causes hypoxia by forming carboxyhemoglobin and shifting the oxyhemoglobin dissociation curve to the left [6] . The carboxyhemoglobin's affinity for hemoglobin is more than 200 times that of oxygen [8] , resulting in the formation of carboxyhemoglobin with even relatively low amounts of inhaled CO. Hypoxic brain damage predominates in the cerebral cortex, cerebral white matter, and basal ganglia, especially in the globus pallidus. Carbon monoxide poisoning also induces cellular changes, including immunological and inflammatory damage [9] . The effects of this damage are long lasting and are independent of hypoxia [9] . Since the symptoms of CO poisoning are variable and nonspecific, the only way to truly diagnose CO poisoning is serum carboxyhemoglobin levels.
Treatment of CO poisoning begins with inhalation of a high concentration oxygen and aggressive supportive care. Hyperbaric oxygen therapy accelerates the dissociation of CO from hemoglobin and may prevent delayed neurologic sequelae [10] . Nevertheless, the indications for hyperbaric oxygen therapy for CO poisoning remain controversial [10] , and the ideal regimen of oxygen therapy is yet to be determined, and significant controversy exists regarding hyperbaric oxygen therapy protocols.
Few reports in Taiwan [1, 11] have evaluated the mortality rate of CO-poisoned patients that had survived upon arrival to the hospital, but died later, despite intensive medical care. Furthermore, the baseline characteristics of CO poisoning in Taiwan [5] may differ from those of other international Poison Centers, where only few of the CO poisonings may be due to charcoal burning. Therefore, the objective of this study was to examine the clinical features, physiological markers, and clinical outcomes after CO poisoning and the associations between these findings.
Materials and Methods Ethics
The present retrospective observational study complied with the guidelines of the Declaration of Helsinki, and was approved by the Medical Ethics Committee of Chang Gung Memorial Hospital, a tertiary referral center (with 24-hour hyperbaric oxygen service) located in the northern part of Taiwan. Since this study involved a retrospective review of existing data, Institutional Review Board approval was obtained without specific informed consent from the patients. However, informed consent was obtained from all patients at their initial admission for risk of acute CO poisoning and all treatments. Additionally, all individual information was securely protected by delinking identifying information from main data set and was only available to investigators. Furthermore, all of the data were analyzed anonymously. The Institutional Review Board of the Chang Gung Memorial Hospital had specifically waived the need for consent. Finally, all primary data were collected according to the strengthening the reporting of observational studies in epidemiology guidelines. This policy was based on previous publications [12, 13] .
Patients
The medical records of 261 patients with acute CO poisoning that were seen at the Chang Gung Memorial Hospital between 2000 and 2010 were examined. Demographic, clinical, and laboratory data were collected, and the mortality rate was determined. Diagnosis of CO intoxication was based on clinical history, physical and laboratory examination, and was confirmed by the blood carboxyhemoglobin test.
Inclusion and exclusion criteria
All patients older than 18 years of age that were diagnosed with CO poisoning at the Chang Gung Memorial Hospital between 2000 and 2010 were eligible for inclusion in this study. Patients were excluded from this study if they were younger than 18 years old. Additionally, patients were excluded if they did not have detectable carboxyhemoglobin levels in their blood, despite a suspicious history of exposure or the presence of major systemic comorbidities, such as cancer or heart, lung, renal, or liver diseases.
Detoxification protocol
Treatments included administering a high concentration of oxygen therapy via a nonrebreather mask or providing hyperbaric oxygen therapy. Similar to other international Poison Centers [14] , there was no standard indication for such hyperbaric oxygen treatment. Furthermore, the National Health Insurance of Taiwan did not cover the cost of hyperbaric oxygen therapy. Finally, CO patients also received full medical support and treatments for various complications.
Definitions of clinical events
Hypothermia was defined as a body temperature of below 36.0°C [15] . Shock was defined as an abnormality of the circulatory system that results in inadequate organ perfusion and tissue oxygenation [16, 17] . Acute hepatitis was diagnosed if there were increases in alanine aminotransferase levels greater than 2 times of upper normal limit (i.e., >68 U/L, normal: 0-34 U/L) or total bilirubin levels were >1.5 mg/dL [18] . Acute renal failure was defined as a serum creatinine level of >1.3 mg/dL [19] . Acute respiratory failure was defined as a condition of respiratory failure requiring intubation and mechanical ventilation for more than 24 hours, regardless of the fraction of inspired oxygen [20] . Coma was defined as a Glasgow Coma Scale score of 3 to 8 [21] .
Statistical analysis
Continuous variables are expressed as means and standard deviations and categorical variables as numbers with percentages in brackets. All data were tested for normality of distribution and equality of standard deviations prior to analysis. For comparisons between patient groups, we used the Student's t test for quantitative variables and Chi-square or Fisher's exact tests for categorical variables. Mortality data were compared using the Kaplan-Meier method and significance was tested using a log-rank test. An initial univariate Cox regression analysis was performed to compare the frequency of possible risk factors associated with mortality. To control for possible confounding factors, a multivariate Cox regression analysis (stepwise backward approach) was performed with the factors that were significant in univariate models (P<0.05) and met the assumptions of a proportional hazard model. P<0.05 was considered to be statistically significant. All analyses were performed using SPSS Version 20. Table 1 presents the demographic characteristics of the patients with CO poisoning, stratified according to status at discharge, namely alive (survivor, n = 242) or dead (non-survivor, n = 19). Most of the patients were middle-aged adults (33±19 years), and were referred to our hospital in a relatively short period of time (6±10 hours). The mean blood carboxyhemoglobin level was 21.9±17.6%. Approximately half of the cases (49.4%) attempted suicide by charcoal burning. Nevertheless, there were no significant differences in baseline variables between survivors and non-survivors.
Results
The CO was extremely dangerous and produced many serious complications after exposure ( Table 2 ). The complications included fever (26.1%), hypothermia (9.6%), respiratory failure (34.1%), shock (8.4%), myocardial infarction (8.0%), gastrointestinal upset (34.9%), hepatitis (18.4%), renal failure (25.3%), coma (18.0%), and rhabdomyolysis (21.8%). Furthermore, it was noted that non-survivors suffered greater incidences of hypothermia (P<0.001), respiratory failure (P<0.001), shock (P<0.001), hepatitis ((P = 0.016), renal failure (P = 0.003), and coma (P<0.001) than survivors.
As shown in Table 3 , laboratory examinations confirmed that non-survivors had poorer arterial blood gas profile, as well as renal and liver functions, than survivors. However, the incidence of symmetrical bilateral globus pallidus necrosis, a delayed feature of CO toxicity, did not differ between survivors and non-survivors (P = 0.185).
At our hospital, all CO patients were treated with a high concentration of oxygen therapy using a non-rebreather mask (Table 4) . Hyperbaric oxygen therapy was used in 18.8% of the patients. In addition, all deaths were from the shock group and all patients resuscitated from cardiac arrest died in the hospital. None of the survivors suffered from cardiac arrest.
Using a multivariate Cox regression model (Table 5) , it was determined that shock status was a significant predictor of mortality after CO poisoning (OR 8.696, 95% CI 2.053-37.370, 
In other words, a CO poisoned patient with shock was nearly 9 times more likely to die than a patient without shock. Finally, Kaplan-Meier analysis confirmed that patients with shock suffered greater cumulative mortality than without shock (Fig. 1 , Log-rank test, Chisquare 147.404, P<0.001).
Discussion
The mortality rate for patients suffering from CO poisoning at our center was 7.3%. In a retrospective review of the medical records of 1505 patients at Virginia Mason Medical Center in Seattle from 1978 to 2005 [22] , the short-term mortality rate was reported to be 2.6%. After reviewing previous publications (i.e., 2359 patients in total) in literature, this group also reported a short-term mortality rate of 3.9% [22] . Furthermore, according to another retrospective study from the same institution [23] , it was revealed that a total of 162 subjects had died in 11741 person-years. The expected number of deaths was 87 (standardized mortality ratio 1.9; 95% CI 1.6-2.2). Therefore, it was unclear whether the difference in mortality rates between our center and other center was due to different baseline characteristics. For example, approximately half of our cases (49.4%) attempted suicide by burning charcoal, but this method of suicide was unusual in the studies by Hampson et al [22, 23] .
In the present study, there was no significant difference in baseline blood carboxyhemoglobin levels found between survivors and non-survivors (P = 0.068; Table 1 ). Furthermore, carboxyhemoglobin level was not identified as a risk factor for mortality (Table 5 ). Theoretically, the using the percentage of carboxyhemoglobin as a measure of CO poisoning severity or for predicting outcome is limited because carboxyhemoglobin levels are influenced by removal from the source of CO and any oxygen treatment given prior to the measurement of carboxyhemoglobin levels. In a study performed by Hampson and Hauff [22] , it was revealed that severe metabolic acidosis (P<0.001) and the need for endotracheal intubation (P = 0.002) were the factors most strongly associated with mortality. Similarly, carboxyhemoglobin was not determined to be a significant risk factor for mortality (P>0.05) [22] . Additionally, people with co-morbidities that make them more sensitive to the hypoxia associated with CO can present with symptoms of poisoning at carboxyhemoglobin levels that are low or within the normal range [24] .
Conversely, shock was found to be a significant risk factor for mortality after CO poisoning (Table 5 ). Our data also showed that non-survivors had a higher incidence of shock than survivors ( Table 2 ). The mechanism of CO toxicity resides in the ability of CO to bind to hemoglobin molecules with high affinity, displacing oxygen and generating CO, which is virtually ineffective at delivering oxygen to the tissues. The organs with the highest demand for oxygen, such as brain and heart, are more vulnerable to injury [25] , and could result in shock after severe cardiac damage. Although the etiologies of shock might be multifactorial in cases of CO poisoning, the shock variable predicted mortality after CO poisoning in our population.
There were many limitations regarding the findings of this study due to it being retrospective in nature, small sample size, lack of standard indications for hyperbaric oxygen therapy, lack of magnetic resonance neuroimaging studies [26, 27] , lack of plasma inflammatory biomarkers analysis [28] , and short follow-up duration. For example, Hox et al [29] revealed that diffusion tensor imaging was a valuable tool for assessing the severity of brain injury and a predictor of outcome in patients with delayed encephalopathy after CO poisoning. Thom et al [28] also demonstrated a complex pattern of elevations in acute phase reactants and proteins associated with inflammatory responses including chemokines/cytokines and interleukins, growth factors, hormones, and an array of autoantibodies of the plasma samples of patients with CO poisoning. Thus, more researches in this area are warranted.
In summary, the mortality rate for patients with CO poisoning at our center was 7.3%. Furthermore, it was concluded that shock status was a significant predictor of mortality after CO poisoning (P = 0.003), and a CO poisoned patient with shock was nearly 9 times more likely to die than a patient without shock. Therefore, early recognition and aggressive therapy of shock, by means of abundant fluid resuscitation, use of catecholamines and other adjuvant drugs, are of pivotal importance to improve the outcome of these patients.
